Introduction
Some places in the world, known as "hot spots of evolution", are areas of more extensive speciation processes than others and are characterized by an exceptionally high degree of endemicity and biodiversity. Ancient lakes are an example of such places [e.g. 1,2]. As these lakes are sometimes even 30 million years old, ancient lineages can be preserved there. Moreover, in such stable environments freshwater fauna can diversify into so-called "species flock". Most studies of ancient lakes have concentrated on a relatively small subset of these lakes -the East African Great Lakes and Lake Baikal in Russia.
Knowledge of the fauna of other equally interesting lakes is currently lacking.
In Europe, the oligotrophic and karstic Lake Ohrid, is situated around a latitude of 41° in the Southern Balkans. Lake Ohrid originated within the Pliocene, approximately two to five million years ago [reviewed in 3]. Considering the surface area (358 km 2 ) and the average rate of endemicity (36%), it is probably the most diverse lake in the world [3] . Moreover, on the contrary to some other ancient lakes, the environmental conditions in Lake Ohrid seem to have been stable for most of its long history (only limited lake level fluctuations are believed to have occurred), enabling the preservation of relict species and the evolution of intralacustrine species flocks [3 and references therein]. Among the endemic species, crustaceans are an abundantly represented group; the estimated level of endemicity is the highest for Amphipoda (90%) and Isopoda (75%) [reviewed in 3] . Although in Lake Ohrid a large number of endemic crustacean species are found, the knowledge about the evolutionary history and processes leading to this unique fauna is scarce. The first data providing insights into patterns and modes of the genetic differentiation within Lake Ohrid animals concentrated on flatworms [4] , mollusks [5, 6] and leeches [7] . Attempts also were made to throw some light on the phylogenetic relationships within crustaceans: endemic isopods [8, 9] and more recently, amphipods [10] . Although the results of these studies indicated a greater or lesser role of horizontal (Lake Ohrid vs adjacent feeder springs) and vertical (littoral, sublittoral and profundal) zonation within the lake in promoting speciation along geographical/ecological gradients, a full insight into patterns and processes of speciation in Lake Ohrid is still lacking. Endemic Ohridian isopods constitute an ideal model system to study processes of intralacustrine diversification since they are one of few animal groups inhabiting Lake Ohrid from the littoral to the profundal zones. Moreover, they are known for impressive morphological variation [11, 12] . By studying the genetic structure of bathymetrically segregated populations of isopods with limited dispersal abilities we can gain the insights into the role of vertical barriers for genetic differentiation. According to the data obtained so far, endemic Asellidae from Lake Ohrid appear to be an extremely interesting group not only in terms of intralacustrine diversification processes, but discrepancies between morphological and molecular taxonomy as well [9] .
In Lake Ohrid, isopods are represented by three endemic species belonging to the genus Proasellus Dudich, 1925; P. remyi (Monod, 1932) , P. arnautovici (Remy, 1932) and P. gjorgjevici (Karaman, 1933) . The fourth species of the freshwater family Asellidae is widespread Asellus aquaticus Linnaeus, 1758. The current taxonomy and species delimitation of Ohridian Proasellus taxa is based on morphology and vertical zonation [11, 13, 14] . In 1953 Karaman [11] described several morphological forms (subspecies) within P. remyi: remyi, acutangulus, nudus; within P. arnautovici: arnautovici, elongatus and within P. gjorgjevici: typicus, litoralis. To be in agreement with the International Code of Zoological Nomenclature, in the following sections, the morphological forms described by Karaman [11] will be treated as subspecies.
Within the lake, some authors [e.g. 3,15] have indicated the presence of biotic and abiotic barriers that may limit the possibility of invertebrate migration, especially in the case of benthic animals with limited dispersal abilities like Proasellus isopods. First of these barriers is the so-called Chara belt formed by macrophytic algae. It is situated in the littoral zone, usually between 3-20 m (Figure 1 ). The continuous shell zone is listed as second presumed barrier. It is mostly formed by deposits of Dreissena shells with the maximum density of adult individuals between 20-30 m [15] . Also, abiotic factors such as different levels of oxygenation, availability of light and the oscillation of temperature contribute to the formation of different ecological zones. Asselid isopods are found in all key habitats in Lake Ohrid, although each form is limited in dispersal to a particular depth and ecological zone (Figure 1 ). Moreover, specimens of P. remyi remyi also are found in St. Naum feeder springs, at the southern edge of the lake. Interestingly, isopods are a main part of the profundal benthic community exhibiting many troglomorphic features (mostly P. gjorgjevici typicus) whereas in most of European lakes, isopods are absent in deeper waters. These facts also raise questions about the pattern and direction of endemic isopods diversification.
It has been stated that anthropogenic interference poses real threats to the primarily benthic endemic biodiversity of Lake Ohrid and circumstantial evidence hints towards an already existing decline in habitat structure and species abundance [16] . In addition to this, we observed during sampling that few representatives of some taxa (especially P. remyi nudus and P. arnautovici elongatus) were found. Nothing of this kind has been suggested previously by Karaman [11] or Stankovič [15] . However, Stankovič and Pljakič [12] also reported lower numbers of P. remyi from 50-100 m in comparison with individuals from shallow habitats.
In our previous study we focused on phylogenetic relationships within Proasellus and molecular clock analyses based only on unique haplotypes [9] . The results of that study supported the conclusion that morphological and molecular evolution seemed to have been uncoupled during the diversification of Ohridian isopods. The topology of the obtained phylogenetic tree was inconsistent with the present morphology-based classification particularly in positioning P. arnautovici elongatus and P. remyi nudus outside the remaining P. arnautovici and P. remyi, in one clade with P. gjorgjevici. Moreover, according to previous analyses P. remyi and P. arnautovici appeared to be polyphyletic. Therefore, additional research including studies on nuclear loci was performed to answer the question whether a simple genetic architecture underlies morphological variation in Ohridian isopods. Moreover, all obtained mtDNA sequences were reanalyzed, to gain population level data.
In the present study, the allozyme and mtDNA data was used to: 1) to verify the discrepancies between morphological and molecular taxonomy obtained for mtDNA haplotypic data, 2) to check the genetic structure of Ohridian Proasellus populations in relation to their morphological taxonomy, bathymetric segregation and vertical barriers and 3) to further explore the patterns and directions of the intralacustrine differentiation and demographic history.
Experimental Procedures

Sample collection
Samples were collected by dredge separately from the littoral, sublittoral and profundal areas of the lake near the Ohrid Bay; along the transect line Ohrid: (41.106270°N, 20.800624°E) -Radozda (41.103255°N, 20.635097°E). Additional samples were obtained by hand from St. Naum springs, adjacent to the lake (40.91425°N, 20.74051°E). The main sampling goal was to reflect the bathymetric segregation of Proasellus populations -from the littoral (down to 20 m; samples of P. arnautovici arnautovici, P. gjorgjevici litoralis, P. remyi remyi), the sublittoral (20-50 m; P. remyi acutangulus), to the profundal zones (below 50 m; P. arnautovici elongatus, P. gjorgjevici typicus, P. remyi nudus, P. remyi indet.) with regard to observed biotic and abiotic barriers. The identification of the specimens was based on diagnostic morphological characters according to the description given by Karaman [11] . The studied individuals were inspected thoroughly according to: appendages, articles on the antennal flagella, development and pigmentation of eyes, proportions of the body, shape of the head and of the pleotelson, and appearance of chitinous bristles on the epimerits among others.
Apart from morphological forms/subspecies already described, specimens of yet undescribed taxon were collected from the profundal zone. Due to the distinguishing, wide flattened body with lateral enlargements and relatively short appendages, we believed then to be related to P. remyi, and in the following analyses are described as P. remyi indet. Several specimens of Asellus aquaticus from Lake Ohrid also were collected. The samples were stored at -80°C until the analyses. Some samples were preserved in 96% ethanol for DNA isolation.
Allozymes
Sample preparation and cellulose acetate electrophoresis
The whole body of small individuals or the anterior half of larger ones was homogenized in a grinding solution (1 mg/ml NADP, 1 μl/ml β-mercaptoethanol, 1 μl/ml Triton X-100 in H 2 O) [17] . Tissue homogenates of single specimens were subjected to cellulose acetate electrophoresis according to Hebert and Beaton [18] . Gels were run using the Tris-Glycine buffer system and identical running conditions (100 V, 45 min). Eight enzyme systems involving nine putative loci were reliably scored. The following enzyme systems were analysed: alcohol dehydrogenase (ADH, EC 1.1.1.1), glucose-6-phosphate dehydrogenase (G6PDH, EC 1.1.1.49), glucose-phosphate isomerase (GPI, EC 5.3.1.9), isocitrate dehydrogenase (IDH, EC 1.1.1.42), leucine aminopeptidase (LAP, EC 3.4.11.1), lactate dehydrogenase (LDH, EC 1.1.1.27), malate dehydrogenase (MDH, EC 1.1.1.37) and phosphoglucomutase (PGM, EC 2.7.5.1). Loci and alleles were designated according to the decreasing electrophoretic mobilities of the corresponding proteins. The identity of alleles (mobility classes) was assessed by direct comparison.
Typically, at least 50 individuals per taxon were prepared for electrophoresis but the high incidence of null alleles in some loci × taxon combinations resulted in differences in the number of individuals being assayed.
Additionally, in cases of P. arnautovici elongatus and P. remyi nudus, apparently small population sizes resulted in low levels of sampling. For the latter taxon, allozyme analyses were not possible at all as only six individuals were collected. Nevertheless, in most samples the number of individuals studied was much larger (the mean sample size = 122) and in total, 1112 individuals representing four nominal asellid species were scored (Table 1) . 
Data analysis
The BIOSYS-1 software [19] was used to estimate allelic frequencies at each of the allozyme loci. The genetic variability of samples was estimated by the mean number of alleles per locus (A), the percentage of polymorphic loci (P) (using the 95% criterion), and the observed (Ho) end expected (He) heterozygosities [20] . An allele was considered rare when its frequency was smaller than 0.05 [21] . Contingency χ2 analyses at all loci were performed. Representative samples of each taxa were tested for conformity with HardyWeinberg proportions using χ2 test with genotype pooling for quality of fit. Since many analytical methods are sensitive to the level of missing data only the subset of allozyme results could be effectively utilized in some analyses. The acceptably low level of missing data criterion limited the data set to four polymorphic loci: Adh, Gpi, Ldh and Pgm. This data set (Table 1) was used in all analyses except STRUCTURE. Pairwise genetic distances using Nei's measure, DNei [22] were calculated in GENEDIST from the PHYLIP version 3.69 package [23] . The distance tree was constructed using KITSCH program from PHYLIP package under default parameter settings (the Fitch-Margoliash method). To obtain statistical support the dataset was bootstrapped by running analysis in 1,000 pseudoreplicates. The partitioning of genetic differentiation was investigated by Wright's F-statistics [24] according to Weir and Cockerham's [25] estimators for individual pairwise comparisons of populations (F ST ,) using the options available in FSTAT [26] and GENEPOP [27] . Based on F ST estimates, numbers of migrants (Nm) between populations were calculated using the formula: Nm = 0.25 (1/F ST -1) [28] .
STRUCTURE version 2.3.3 [29] was used to estimate the most likely number of populations (K) represented by the entire data set, using the admixture model with 10,000 steps conducted as "burn-in" followed by 100,000 step Markov chains, with five iterations per K. We tested between 1 and 8 K, where 7 would indicate a distinct population for each location. Three additional analyses were performed for individual data setsseparately for P. gjorgjevici (K=1-3), P. remyi (K=1-4) and P. arnautovici arnautovici (K=1-4) to detect further population substructuring.
mtDNA
Extraction, PCR amplification and sequencing
Mitochondrial DNA fragment coding for the cytochrome oxidase unit I (COI) was used to analyse patterns of genetic variation at intra-and inter-specific level. The COI region was amplified using the universal primers HCO2198 and LCO1490 [30] . Details of the DNA extraction, amplification and sequencing procedures of the COI fragment were described previously in Wysocka et al. [9] .
DNA sequence analysis
To verify the identity of the amplified region, BLAST [31] searches against nr database at NCBI were performed. Sequences were quality checked and trimmed to the same length in BioEdit [32] and a consensus sequence was created for each individual. The sequences could be unambiguously aligned without inserting gaps. Among the 46 individuals analysed, 19 haplotypes of Proasellus were detected. Unique sequences (haplotypes) were given Arabic numbers (after the taxon name). Eventually, the alignment consistent of all haplotypes of Ohridian Proasellus species was 628 bp long. All haplotype sequences were deposited in GenBank (DQ305122 -DQ305141) [10] . Basic diversity indices were calculated in DNAsp v. 5.10.01 [33] . PAUP* version 4.0b10 [34] was used to calculate average nucleotide composition and pairwise genetic distances between haplotypes. The most appropriate model of sequences evolution was determined and the nucleotide substitution parameters were estimated by jModeltest [35] using hierarchical likelihood ratio tests (hLRTs). The preferred model of nucleotide substitution was HKY 85 [36] with gamma-distributed rate heterogeneity (Γ=1.5171) and a significant proportion of invariable sites (I=0.6072). The likelihood-estimated transition/transversion ratio was 6.5754.
Partitioning of variance within and among populations was estimated using Arlequin v.3.1 [37] by the analysis of molecular variance (AMOVA) with 10,000 permutations. Pairwise differentiation between sites was calculated using Φ ST on the basis of both the frequency and the level of sequences variation. To directly compare allozyme and mtDNA data, the Mantel test was used as implemented in Arlequin v.3.1 [37] .
For estimating ancestral population dynamics through time, BEAST 1.6.2 was used [38] . BEAST uses standard Markov chain Monte Carlo (MCMC) sampling procedures to estimate a posterior distribution of effective population size through time directly from a sample of gene sequences, given any specified nucleotidesubstitution model. The data set for this analysis consisted of the alignment of all obtained sequences, not just unique haplotypes. To minimize the potential influence of the apparent genetic structuring of the data on the inferred estimates, the two major phylogenetic groups defined by other analyses were analyzed separately. One group consisted of all sequences of P. remyi and P. arnautovici, except for P. remyi nudus and P. arnautovici elongatus, which were in group 2 with P. gjorgjevici. For each of the two datasets, the best demographic and site model was selected a posteriori, through Bayes Factor comparisons (Supporting Information, Table 1 ). Four demographic models: the speciation (Yule-birth) model, constant population size model, one model assuming population growth (logistic growth) and Bayesian Skyline models were used. Each of these were run with the eight possible site models: HKY or GTR with either equal rates, proportion of invariable sites or gammadistributed variable rates. Each analysis was run at least in quadruplicate to ensure convergence, for long enough to achieve ESS value of at least 300 for each estimated parameter. After inspection of the log files in Tracer [38] , the results from all the runs for each model were combined in logcombiner, removing the non-stationary burnin data. The calculation of Bayes Factors was performed using the method of Newton and Raftery [39] with the modification proposed by Suchard et al. [40] as implemented in Tracer [38] , using the combined logs. The models implementing BSP were significantly better than Yule-Birth models for both datasets (Supporting Information, Table 1 ).
To obtain the phylogenetic context for endemic Proasellus species several COI sequences of Proasellus coxalis (DQ144777, DQ144752) and Asellus aquaticus (DQ144888, DQ144788, AY531759, DQ144812, DQ144881, DQ144840, DQ144824, AY531765, AY531779, DQ144770, DQ144822, AY531761, DQ144797, DQ144872, DQ144876, DQ144867) from GenBank were downloaded. A phylogenetic tree was reconstructed using the ML algorithm implemented in PhyML v3.0. [41] . First, the dataset was reduced to include only single haplotypes from the sampled Ohridian populations, to avoid model selection bias. Then the best model (HKY+G+I) was selected by BIC and dLRT criterions in jModeltest 3.7 [35] . Finally, the tree was built in PhyML using the general settings of the selected model, with ML optimization of all the model parameters and the tree topology, using five random starting trees and 100 bootstrap replicates. All analyses converged at the same topology. The presented tree was rooted at Asellus hilgendorfii (AY531829).
Relationships among the observed haplotypes were assessed by constructing median-joining networks. Haplotype networks are generally better suited than phylogenetic hierarchical trees to assess relationships within species [42] . We used the median-joining (MJ) network approaches [43] implemented in the program Network 4.600 (www.fluxus-engeniring.com) to infer the most parsimonious solution ("Steiner trees"). In order to clarify connections in the network, the original COI alignment was reduced to endemic Proasellus species. Different settings for the homoplasy level parameter, ε, were tested, and ε=20 was selected as the most appropriate. In order to account for differences in substitution rates we applied a weight of one for transitions and two for transversions.
Results
Allozyme data
Genetic diversity
The allele frequencies and estimates of genetic variability for nine loci are presented in Table 1 . Across the entire sample of endemic taxa only the Pgi, Pgm and Adh loci were polymorphic for which the most analyses were performed. There were no obvious deviations from the Hardy-Weinberg equilibrium expectations at any allozyme locus. The contingency χ 2 analysis at nine loci showed highly significant interpopulation heterogeneity of allele frequencies. Nei genetic distances (DNei) were calculated for all pairs of taxa, using data for the four most reliable loci: Adh, Ldh, Pgm, Pgi ( Table 2 ). The dendrogram constructed from these data ( Figure 2 ) revealed a remarkable division among endemics. All remyi taxa cluster together, with mean intraspecific genetic differentiation DNei=0.049. The most divergent within this clade was P. remyi remyi from St. Naum springs, with average DNei=0.091 towards the rest of remyi. The interesting inconsistency with the current morphology-based classification is the separation of both P. arnautovici subspecies. Proasellus arnautovici arnautovici seems to be more closely related to P. remyi (mean DNei=0.158) than to P. arnautovici elongatus (DNei=0.252), with relatively strong bootstrap support. It should be noted however, that this analysis was built on a small sample size of P. arnautovici elongatus. In the case of P. gjorgjevici, both taxa cluster together, as expected.
Pairwise F ST and gene flow
The estimates of F ST and Nm between populations were calculated for intraspecies pairs (Table 3 ). The obtained results indicated no barriers to gene flow within lacustrine P. remyi, whereas the gene flow between the population of P. remyi remyi from St. Naum springs and the remaining populations of remyi was partially restricted. The highest restriction of gene flow was suggested between two subspecies of P. arnautovici: arnautovici and elongatus. The Bayesian clustering analyses using the whole allozyme data set of unassigned individuals, provided a best fit model with three clusters (K=3) (Figure 3) . The estimated membership of each individual in each cluster corresponded to the currently accepted number of endemic Proasellus species. However, a high likelihood value was obtained also for K=5 and K=4 (Figure 4 ). Additional subdividing was observed both in the case of P. gjorgjevici (for K=4) and P. remyi (K=4 and K=5). For P. remyi one additional cluster was formed by lacustrine individuals of remyi set and the second by representatives of P. remyi remyi from St. Naum springs. Within P. gjorgjevici a group of several individuals of P. gjorgjevici typicus from a deep part of the lake (below 100 m) was distinguished from the remaining representatives of P. gjorgjevici typicus and P. gjorgjevici litoralis (Figure 3) . Also when each morphospecies was analyzed separately some subdivisions within them were observed corresponding with K=4 and K=5 in the whole dataset.
Mitochondrial DNA data
Base composition and variability of sites
The COI fragment was AT rich (65%), especially at the third codon position (72%). Percentage of variable sites ranged from 0.95% at the second to 69.5% at the third codon position, with an average of 27.7%. For the DNA data set consisting only of endemic Proasellus species, the values for the second and third codon and average are respectively: 0.48%, 48% and 18%. The base frequencies were homogenous (P=1.0) across taxa.
Haplotype divergences and nucleotide diversity
Nineteen unique haplotypes of Proasellus COI sequences were identified among 46 specimens examined and one haplotype of A. aquaticus among seven specimens. Each population was characterized by unique haplotypes, with the exception of the haplotype shared between P. remyi acutangulus and P. remyi indet. The nucleotide diversity (π) within populations ranged from 0.00 to 0.02, but was usually quite low (Table 4) .
The pairwise distances between all haplotypes were calculated (Supporting Information, Table 2 ) and used to estimate the average divergences at intrapopulation and higher levels ( Table 4 ). The intrapopulation values were generally in agreement with π estimates, inflated only slightly as expected, confirming that the effect of multiple substitutions was negligible for such small evolutionary distances. The pairwise average genetic distances between taxa (Table 5) indicated that P. arnautovici elongatus seemed to be closer to P. remyi nudus and P. gjorgjevici than to P. arnautovici arnautovici. Interestingly, P. remyi remyi from St. Naum springs was quite genetically distinct from the remaining populations of P. remyi.
Pairwise ST and genetic divergence
The hierarchical AMOVA analysis indicated that the major part of genetic variation (63.16%) was found among species (V a ). Variation within species (V b ) was also high, at 33.93%, whereas variation within populations (V c ), at 2.92%, was rather low. The mean Φ ST was 0.970, indicating an overall high level of differentiation. Pairwise Φ ST estimates between population pairs (Table 3) were also high and populations were often significantly different from one another.
Median-Joining network
Evolutionary relationships among haplotypes were represented in the form of median-joining networks ( Figure 5 ). In the case of the endemic Proasellus species, network reconstruction reveals a quite complex pattern, where two groups of haplotypes were observed, separated by 56 mutational steps, suggesting a "deep" evolutionary history. With regard to the current taxonomy, group 1 sequences were composed of P. remyi and P. arnautovici, except for P. remyi nudus and P. arnautovici elongatus, which were clustered into group 2 along with P. gjorgjevici. Some haplotypes representing sublittoral and profundal taxa (P. remyi acutangulus and P. remyi indet.) were positioned internally to the littoral and spring haplotypes. No star-like topology was noted in any part of the network indicating that no expansion of the haplotypes occurred recently.
Phylogenetic analysis
The topology of the phylogenetic tree obtained by the ML method was congruent with median-joining network and divided endemic Proasellus species into two monophyletic groups with high bootstrap support ( Figure 6 ). In the first group, haplotypes of lacustrine remyi (P. remyi remyi from the lake, P. remyi acutangulus and P. remyi indet.) clustered together forming a well supported monophyletic sister group to P. remyi remyi from St. Naum springs. Among the first group P. remyi acutangulus seemed to be paraphyletic but the support of the internal branches was not high. The monophyletic subclade of P. arnautovici arnautovici haplotypes was located at a derived position in the tree as a sister group to P. remyi. The second group was composed of two clades -one contained subclades of P. remyi nudus 
Demographic history
The BSP method revealed a flat plot without fluctuation with a recent dramatic decrease in the effective population size of Ohridian endemic Proasellus species (Figure 7) . The same demographic trend of drastic population decline also was observed when we analyzed the two major clades separately. The apparent decline started at the time needed to accumulate 0.002 substitutions per site in the analyzed COI fragment.
Mantel test
The Mantel test of pairwise distances based on allozyme data between populations against pairwise mtDNA distances between haplotypes also grouped according to populations, and showed a weak but significant correlation (r 2 =0.18, P=0.001).
Discussion
Genetic structure vs. horizontal and vertical zonation within Lake Ohrid
Weak but significant correlation between mitochondrial and nuclear distances implies that a simple genetic architecture underlies the observed morphological variation in Ohridian Proasellus isopods. However, we did not find as strong a population structure as expected given bathymetrical segregation of Proasellus asellids, their huge morphological variation, limited dispersal abilities and presence of vertical barriers within the lake. It is especially interesting in the case of lacustrine P. remyi: acutangulus, remyi and P. remyi indet., which are different morphologically and occupy different vertical zones of the lake so some restrictions to gene flow should be expected. Conversely, they clustered into one group (Figure 3) and displayed low genetic divergences and shallow phylogeny. Also, two bathymetrically separated taxa, P. gjorgjevici typicus and P. gjorgjevici litoralis, appeared to be genetically homogenous with haplotypes intermingling and high number of migrants. However, the role of vertical barriers in promoting differentiation within endemic isopods cannot be completely excluded, because earlier results [9] suggested that radiation of this group has taken place during a relatively short time interval. It is already known that through time, incomplete lineage sorting converts most gene trees to a status of paraphyly and then reciprocal monophyly. Recently separated species often display paraphyletic gene-tree patterns [44] . By contrast, unexpectedly high genetic distances and limitation of gene flow were observed between P. remyi nudus and the rest of remyi as well as P. arnautovici arnautovici vs. P. arnautovici elongatus. Both P. remyi nudus and P. arnautovici elongatus were sampled from the deepest zone of the lake, separated from others by the continuous shell zone as well as other biotic and abiotic factors. So in their case, the existence of vertical barriers could have contributed to the high level of genetic diversity and strong genetic structure. Also, the Bayesian clustering analyses of allozyme data revealed unexpected substructuring within P. gjorgjevici typicus: the group of several specimens of P. gjorgjevici Figure 7 . Bayesian skyline plots derived from two sets of mtDNA COI sequences of Proasellus taxa: group 1 -P. remyi, P. arnautovici (except for P. remyi nudus and P. arnautovici elongatus); group 2 -P. gjorgjevici, P. remyi nudus, P. arnautovici elongatus. The x axis is in units of time (mutation per site), and the y axis is equal to N e (the product of the effective population size and the generation time in mutational units). The median estimates are shown as thick black line, the 95% HPD limits are shown by the grey areas.
typicus from the deeper profundal were distinguished from the rest of the species samples. However, the differences were not supported by mtDNA analyses. The most expected subdivision corresponding to the separation of P. remyi individuals from the lake and those from the adjacent St. Naum springs was detected by clustering analyses. The genetic distinctiveness of the St. Naum spring taxon was well supported by the remaining allozyme and mtDNA analyses. It seems that the geological history of Lake Ohrid contributed to such differentiation. Due to the suggested decrease of the lake level [45, 46] , the population from St. Naum springs, an area that used to be a part of the lake, was geographically separated. The horizontal barriers between the lake and the springs effectively preventing a gene flow might in consequence have promoted cladogenesis into spring and lake taxa. This scenario is further supported by the fact that St. Naum springs harbours flatworm and snail species, which are regarded as sister species to lake taxa [4,5].
Discrepancies between morphological taxonomy and genetic analyses
Though each type of analyses revealed two monophyletic groups they did not coincide with currently recognized species boundaries, P. arnautovici elongatus and P. remyi nudus were grouped together in one clade with P. gjorgjevici, outside the remaining P. arnautovici and P. remyi. Interestingly, neither P. remyi nudus nor P. arnautovici elongatus exhibit characteristic morphologies of P. gjorgievici, whereas the former is very similar to other representatives of remyi. It is difficult to assume that the unique morphology (wide flattened body with lateral enlargements and relatively short appendages) of P. remyi may be convergence evolved separately several times in different lineages as in general, each of the current morphological taxon occupies a different ecological niche. However, in case of mtDNA data the observed deviations from species level-monophyly may have a variety of causes [reviewed in 9]. We hoped that assessment of nuclear loci would help to resolve the issue of discrepancies between morphological and molecular taxonomy so we performed, amongst others, clustering analyses implemented in STRUCTURE that should detect cryptic population structure. In case of P. arnautovici, the analyses failed to discover any population structure. However, as we were able to analyze only one of two P. arnautovici taxa this result must be taken with caution. By contrast, the rest of the allozyme analyses showed deep genetic divergence between two subspecies of P. arnautovici supporting mtDNA data. Unfortunately, because of the small size of P. remyi nudus samples the allozyme analyses could not be performed to support mtDNA results.
Differentiation processes and gene genealogy
The origin and isolating mechanisms of Proasellus taxa are of particular interest to the study of speciation mechanisms. The median-joining network showed two highly divergent sub-networks: the first, mainly including the haplotypes of Proasellus taxa found in the littoral/sublittoral of the lake (Group 1) and the second, dominated by haplotypes characteristic for the sublittoral/ profundal zone (Group 2). Although the origin of the two clades mentioned above is unclear, undoubtedly, they represent long-term isolated lineages. It is worth noting, that sublittoral P. remyi acutangulus appears to be basal to P. remyi remyi (Group 1), whereas littoral P. gjorgjevici litoralis seems to be basal to P. gjorgjevici typicus (Group 2). These analyses suggested two possible scenarios of diversification within endemic Proasellus species group: they may have diversified from an ancestral lineage originated from either the littoral or the sublittoral/profundal. The first scenario is congruent with the notion of Karaman [11] and Stankovič [15] , according to which the differentiation started from the population inhabiting the littoral area or shallow waters and "the differentiated profundal forms are therefore younger". Support for this hypothesis was also found by Trajanovski et al. [7] for Ohridian Dina spp. However, the second scenario of the endemic Ohridian asselids differentiation processes starting from deeper parts of the lake is also worth consideration. Since Lake Ohrid is mostly fed by subterranean, intralacustrine springs and some species connected with the subterranean habitats like Niphargus ohridanus or Ceuthonectes serbicus are known from its profundal [11, 15] , it seems plausible that isopods also could have differentiated from ancestors that invaded Lake Ohrid through the subterranean karst channels. This hypothesis seems to be the most promising as a great abundance of isopods in deeper parts of the Lake is unusual. Moreover, they seem to be highly adapted to life in this zone by exhibiting many troglomorphic features. Such adaptations are often observed among other European Proasellus species, common in subterranean and karst habitats. Further research is needed involving additional sampling of Proasellus taxa from the lake and nearby water systems including subterranean waters to verify these ideas and conclusively resolve this problem. In summary, the endemic isopods from Lake Ohrid appears to be an interesting model for studying mechanisms of intralacustrine speciation. In the present study, the main role of vertical barriers into diversification processes was not fully supported whereas historical water level fluctuations resulted in presence of horizontal barriers between the lake and adjacent springs that could have promoted the evolutionary pattern observed. The study show incongruence between morphological and molecular patterns of endemic Proasellus diversification and their bathymetric segregation. The analyses did not excluded possibility that Ohridian endemic isopods have differentiated from populations inhabiting the profundal/ sublittoral zones. The increasing anthropogenic pressure in Lake Ohrid could have caused decline of endemic isopods populations. However, this idea should be further explored, particularly with respect to ecological data. 
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